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(54) AIGalnP LIGHT EMITTING ELEMENT WITH 
WINDOW LAYER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To acquire an AIGalnP 
light emitting element of high brightness by 
providing a specified p-type clad layer, a light 
emitting layer and an n-type clad layer in a GaAs 
single crystalline substrate and providing a window 
layer consisting of zinc oxide thereon. 

SOLUTION: P-type clad layers 104, 106 consisting of 
(AlaGa1-a)xln1-xP (0^a^1, 0<x<1), a light 
emitting layer 105, an n-type clad layer and a 
window layer 107 of a polycrystalline zinc oxide are 
formed on a GaAs single crystalline substrate 101. 
In the process, the composition ratio (1-X) of 
indium of an AIGalnP layer is made 0.5, thereby 
obtaining good lattice-match to a GaAs substrate 
101. It is desirable that zinc oxide is hexagonal 
wurtzite type crystal, a polycrystalline zinc oxide 
film is preferably orientated C-axially and the 
resistivity is made 1x103 Q.cm or less. Although 
zinc oxide crystal shows n-type conduction in its 
so-called undoped state wherein impurities are not 



added intentionally, an n-type zinc oxide window 
layer 107 of lower resistivity can. be formed by 
doping a group lit element 
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mm mmfecoA iGai nPMf^Mts/; 

&&18M*vVTi&%.<?>n&A 1 Ga I nPf*^M 

Worn* K-r L)t nXfflgfldEi^&* * somen: 
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[9WSS1 ) GaAsfiSSW:. Wfli (A I 
,Ga,.,),I n,. x P (OSaSh 0<X<1 ) 
£>&£pj&?5-y KJf. SBfcH. RVn&tv vYmZ 
* L . $ <o l::-cO±C^£ B 1 1 #OgHfcEi8A> & JgJI 

[f«^JS2 ] I nftfg&ifc ( 1 -X) *<. 0 . 5T-&& 

ztzimk-rt m$$% 1 1 bw^^^^f. 

c c m-xmzmfa tx z k 1 * 

^«i2IE©cO^^. 

n^cofsss^^r-s ^ k * wssLk-t h mim 1 - 3 <o 
£ £ k *tra~fc -r-s m%m. 4 iemofsfts^. 

[ft*Jl6] n«?7 7KlA«. ^'J^gJ&Srfflil-t 

*>9 ( A 1 J9k L. df-rU-WMESrNl k-fi) . 
U^r«*«)*v^ofll36<SBJi«fc** (A2«kL. * 
*>J*«**N2i:'*-4) ^ k^^fc-rSfS^l- 
5 C9V 1 JSCIEfi^^^T. 

[f«^«7] Nl*UxiOi7 C m-3tJl±T'5Xl 0'» 
cm-^iWt'&D. N2^5X10 1 «cm-3^LhT*3x 

mmm8] A2MW. ^Ji:5nmULt.T-5 0 0nmJit 
TT-S> h Z fc mWtk -t 6 It^H 6 Ife «i 7 CIEftOft 

[f»£iS9] AlS^o^'->'^•>-^*i^^^T-^) , ). A2i 

<0 htfSSV I ^tcsTC*)*. <r k iWAk-thn 

*> hz t *mik-$-hmim 9 izimn&nm^-. 

[00 0 1] 

A • -f Vi?*7k> (AlGalnP) SttJft&^Sfe*** 
S^ttttf ifc»«^*JSWS:ftflM-6«IWE«)A 1 G 

[00 02] 

\®&<T>mk\ (Al.Gaj., ) j I iii-jP (OSa 

si. o<x<d ^Tcjia^^x, 'f 

A3§j£Jt (=1-X) £0. 5tt5(Al t G 
ai-J,. 5 In 0 . 8 P(OSaSl)li. 8tfb!f »J 
( G a A s ) UM&Sk ftif^tS^S^ttS:^ t (App 
1. Phys. Lett. . 57 (27) (199 

o) . 2 9 37~2 9 3 9h#hb) . mt^mm-^mi 
mm-hfttm? (led) *v^4u— 



(LD) IzmmZtlX^Z (App 1 . Phy s . Le 
tt. , 64 (21) ( 1 994 ) , 283 9 — 284 

g^/^KfO (DH) ^«Jt*^«fi^-S<0 
(App 1 . Phy s. Lett. , 6 1 
(15) (1992). 177 5-177 7I#I) . 
[0 00 3) DHmtmiMklt. mt (vStt) JSL Jt 

T«^kjE7Lk£m+LT»c«S^S-frSfc«>fc. 56 

T. SK-£&<^'J T (carrier) tf)?fiii£-&£jg 
Z~rt&>£.. 9 7 -y KJItifSSfcJI J: 0 t^iH&ipg ( b a 
nd gap) Sr^^LTtfffiKStU.. (FiRtf. (A 
Ij.jGajj) o.5 I n 0 . 5 P*^^3ta£ffl/jS:L. 75 
•y KJ12: (A lo. 7 Gao. 3 ) 0.5 I n,. 5 PktSDHtt 
Jt^H^^ftT^S ( App 1 . Phys. Let 
t. . 58(10) (1991). 1010~1012 

■mm.) . 

[0 004) m.mcr> (Al „ Gai_„ ) , I n,. x P5Bte 

*-?ic*3v^t. DH«jt»3(aw«o±*fci43imttfwa 

3«(«>*Vr*'5r) Jl£Egi-S«0* { 51Mk^oT^& 
(SPIE, Vol. 3002(1997). 110- 
1 1 8K#^) . SSfflli. ^S5WSrJ£^rr-&?ttf)^ 

• ^'U^AJSa (A 1 c Ga|. c A s : 0SCS1) *>|5> 
fll^-f^Wl^^ixTV^ (±KcT)App 1 . Phy 
s. Lett. , 58 (1991) #.1) . ttz. 'J > 
-fbifU^A (GaP) *^«)^£■r«.pll^ J ^P^i^TV^^ 
(J. Electron. Mater. . 20 (199 
1 ) . 112 5—113 0H#Ba) . rm'k LTf'JfflS 
tlhG &P1feikmcr)mm$$)l Oum^hWl OumX' 
h 0 (ludi^S PIE. Vol. 3002#I) , 
X (A 1 a Ga,. a ) x I n,. )( P5iS B 3 B ^-)KW^ft 

(MO-VPE) a 

tit«smtf. i w&mizmmtfffl&x'Z&jmyy 

(halogen) ^mjsj H5-f K (hydrid 
e) VPEfc±0^SttTV>4. 

[0005] iii -vmtitfto^mmtmizMt.. a 

^^i^TV^S. ««Jitf. T^'J^*E1ffr^5 ( 4 
8 1. 12 2-f-Tii. p^-5 7^^; hJl±C 
K'ft'f V X J*7J* - ^(indium- tin oxid 
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•fbtfy>A (GaAsP) , })>4£ff\)VJ* (Ga 
P ) . U V-fbtfU *>A • -f (Gal nP) £tz 

{iflMbtf'J ( G a A s ) fr^ffi&LZtlZ^yfth 

<#m*i 1-1722 o^&mmm) . 04<±. nm 

m&fcW8&gMth®&<0 A IGaIn P^3K^<7) 
Bt®85£I2T'S>6. ^1tlE-ft:!l4lM5 2(i. ±SB?:y-y 
h'JI 1 0 6±^fiSi ^>tlJt 3 ? 5 1 ±Kt£(f h 
ixZ.ffil&ktdX^h. 
[00 06] 

C^A^Uidiz-rSiEli] Al c Ga,. c Aslt 
?7-y K^?:t§^-r^ (A 1 „ Ga,. 0 ) x I n,. x Pi: 

L*>U ilSO. 5£jS8;ta^T7WS— ^AjfifiS; 
it ( = C) <7)Al c Ga 1 - c As5r^itLTIStt^Al 
Ga I nPWt&^X'te. iS?a^@^H^T r t**V%TII|| 

7^-/3^ (passivation) SflJ&fcV) 

t o o o 7 1 ttz. GeiPTmm^m^-ttiii. tmft 

%$m*W&\ l z-&)hhZhtfX'* (A 1 „ Ga,. 
a ) x I n,. x Pi:^?l^tt*^, MOGaPg 
B B B Jf £^Jj£-r-Mcti:^-$\ fS3fc5&?co?Nfr£*£< L-T 
Lid. £tz. !%3tc7)IROaiUS&^5r^i»^. 
<75G a PJSSJISr^-r«.)t^fc!i, 7 5 y KJIgSt^li 

[ 0 0 0 8 ] tfiz. ^HH^b^Srfflx^JfeWA 1 G 
a I n PmM^Zti^XH. K(ffll{iGaAsf*> 

GaA stfOSST'^ih** ( = 1 . 43eV)li > - 

mw%?tmv>mfmmx'hh (Ai.Ga,.,),., 

I n o . 5 P \iZimttHi V . ?65fc#* G aAsl 
W<£. «fii*WttlO-«n- cmSSt/^^ITOI 
- 5 y ? m&tf&fe LX'&^ixZ^b^d fflMtffo 5 . 

[0009] mt<. $}io-*n • c m^coismm 
cnmm'&.^-thm.imm^z. stft&is (zno) # 
( m^mmm^^Wsm^m^ . v Q 1 . 9 

9. No. 63 (1999. 5.20.), 8 3~8 8 

wammsmm* tix i^u. 

[0010] #»Wi±E<0»*fc«*. SHI»a><c> 
l>ZL. ?mi£nA 1 Ga I nP?Bt^^Srg«-r-l.vIi: 



(00 1 1 ] 

rmt^mjBtiffiLti&sk. *mvz.2mLti. hp 

■h. *mUi. Cl] GaAs#*S B B B g«LBC. Ztl? 
tl (Al « Ga,., ) x I nj.jP (OSaSl, 0<X 
<1) *^3r-i>pff2:?5-y b'Jf. %%M. RXfn&fJ 
•y KJI&ffU £ ^^-5-0±(C^fS B B af+:<7)K-fl:Sla*^ 
=Sr6«JBSr*r*itS:W«fc"«-6fBiaifF» C 2 ] I 
ncO^ifaJt (1-X) *>\ 0. 5X'hZ,ZkZimk-t 
illl tm<D¥&tm=F. I 3 ] Rfl3Effi#, /n^bI^ 

yp'yKSttfttr. &zdmfotzmfiLx^&ztt:m 

tifti [ 1 ] Z fct± [ 2 ] (cKtto***^ [ 4 ] 

^qrr^^t^wHati-s en ~~[3] w-rtui*! 
mizmwzmm 1 ?. c 5 ] * 1 1 1 bse**** mm. 

mw±<?>7imx'h&zkzmLt-r& [4] iek«^ 

[ 6 ] n^? 7 -y KJi**. * 'J -VjftftSrfflar 

j>o (Aiiffct. ^A-y^aisESrNi t-rs) . ^-v 

J rU-^?SJS?rN2fc-r-l.) ii:$r#Si:-r& [ 1 ] ~ 
[ 5 ] <0V 1 ^fcHEitttfDfaHR^, [ 7 ] N 1 W 

1 x 1 0 17 c m-*&±X'5 x 1 0'» c m-3*3lf* 0 . 

N2^5X 1 0 18 cm- 3 ULhT3x 1 0 19 c m- 3 £TFT' 

**iktwat-r* [6] tcBttojsMaR^ [8] 

A2W, ^m5nmUUiT-5 0 0nmOTT-*)i.C:i: 

^^t-rs [6] t/cu [7] fcffitt<osfejfi*?s 
c 9 ] a i men htfizmx'fo o, A2 m<r> h- 

c 8 ] co^-m^ i mzimmftitm?. noimv 
imtmi)K tvy&tzitT-Mi'X'&hztZ'&mk-t 
h [9] iciea<o»3te*^ tena-ra. 

[0012] 

[^tfOHJfecO^M] GaAsIMMS 
±IC, (A 1 „ Ga,.. ) x I n,. x P (OgagU 0 

<x<d H«pf^7 7Ki, mm. msn& 

S. wCO*!-^-. A 1 Ga I nPMO-i y^AcOffi^Jt 
(1-X) tCOVvm. 0. 5tt6:ttGaAsS 

[0013] eKfSEIB ( Z n O ) ^HSH,/! M^cO« 

tm (cvd) m%t'iz£*)mf8.X'%&. mz. fmm 

tzmffitoWffi&ZJzfl.. 2 0 0'CKLhfc-riXtf, V)V 
vm^¥ B m<r)<Q0 0 l>^[6] (Bfli. cWdn*]) 5rB£ 

AcoifHia&iiasA t ^ijffl^t-ti$) m^ B B B <7)^k 

SiSSS B B B ii*^^it2»Ji£J^gT(4. BHtSEffioJWfe 
i 1 ). 5i«!14<^ftSSr^lS)S*^«tT^ibix^V^ 
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[0014] £<oi§^. MSJHMESiBlt*. ciM 
6fc*>fctt. iS£i3* (itffifit) 5-lxi 0 3 fi • cm* 

[ooi5] mcmmM&Fmiitiicw&taL* 

V V BflMTV H— r ( u n d o p e ) #JK"C nfl^Ofc^ 

(Al>, XTU^A (Ga)W X5*>A ( I 
n) I I BScSt* H— TWlHr. J«HBt**&2 

— 3x1 o 4 n ■ cmt-r&mmt Lxfttt&mw&tf 

1 K-TWfliffijaJBJitt, A 1 ^W*trffiiHf. *t2~ 

rLk-aaKsrfs^mt'Srv^ A l fcGa 

all) 3ftS3l£&*fcJ: AWTC**. 
[0016] ±BOnJB^»*tfDBMKffi« 

4 fc* ^SSr^ n®^kS#8JB t <D*- 5 -y 
*fc-*UHIU:. ±SP? 5 -y KJiJinTBcO ( A 1 „ G a,. 
a ) 0 . 5 In 0 . 5 P(OSaSl) *^flt«$ilSt>c0i; 

[0017] fig**) A 3 BHtfeMS t^- 
i fem-'ft%t3h<r>-ay'-9 9 hJfSrffigLSKTt. r\B 

■y ?*£M3fcfl-fcaa*"C# 2. . ffi«tft^^- 5 y ? $tt 
**VJ7lM6Ji«0n#df-*y7a 



5X 1 0 18 cm- 3 m±T'J>.5cO* f a4LV%. — JK6*J 
Wi3x 1 0i«cm-3£m&^ d fA' , JTifUgi:-r6i: 
affiWStta^StU ^»^-5-y^«MA^St 
T»fe*Ut<'Sr4. - cr>W.tc&* * 'J T jRfficO n B (A 
1 . Ga,.„ ) o. 5 I n 0 . 5 P (0S«S1) JlfcJ&Kf 

•TS^ (S i ) 3U:>yt>. JBVlBKca-^-i-feUV 
( S e ) ^x/^U ( T e ) U">. 
[0 0 18] iiz. nBfyv vmiziziti&ffi,^ 

V J rmjg.<?>m$:. (A 1 „ Ga,. a ) 0.5 I n 0 . 5 P (0 

^asi ) memwiizmfz. fBtiinifcn 
mztf&th nB^mm^^tm^bi^. Ati&tmv 

^f^UTiieti. lx 1 O^cm-sjJLLTSXlO^c 

im^mm^^-^y^zx^mfsx'^^. %tm^ 
iz< i vm^itmx'fthim (sd zm^zzt 

[0019] -m^-r V TWmoMW-t LT(45 n mJil 
±.X-btHttftX'fo h. 5 n m*«trt4K* »SW h?) 

*mmx\ n ^B§-fkffira v ^ t <r> s <y #n* 

t-^^fL&mv i ^7c^^£*^iiJa^--i» c: t kt 0 . 
Z<Otz#>. MO-VPEfttJ; 1 ) n^^^-y h'J12rfi£M 

f ■s.xsjk*^ 700 •cttt* <n-k^m- h t . ffi^- 

^U-^gJK«^BWi^0. 5//mi&@x.5>^i:-rS 
10//mt:-t,ffi^VA*^ H&fc-f&fcJfcWSfSJtf* 1 *' 
[00 20] 

itawwi. 0 1 u$mmizfahh?&tm? 1 oco 

^ffim^HT'^-S. H2<*. HI t^-TSBIc*^ 

[00 2 1 ] JfiaMFTfflSfcBR^ 1 05, 3EI8 (Zn) 
Y-rpB (00 1) -GaAsmseas^io 1± 
jSJEMO-VPESlCiOJlI»SIJiL)t. ZnH- 
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:TpJgGaAsijg»f 1 0 2. ZnK-7'p« (A 1 
,.,Ga u ) o.s I n 0 . 5 P*>£j£.?>Tgfl?5-y HJ1 1 0 
4. 7VH-7«0nI (Alj.iGaoj) 0 . 5 I n 0 . 5 P 

m.&frL>fSL&wtm 10 5. m/nm (ai,,,g 

a 03 ) 0.5 I n 0 . 5 Pa>A>{£&±gP?5-y Hill 0 6fr 
^#SU;. MM^rt/rA-S-^A ( (CHj) 3 A 
1). MI^^/^'U^A ( (CH 3 ) 3 Ga) &t>'h'J 
( (CH 3 ) 3 I n) £ I I Ij5£*ij£7C 
*<OJKRi: U vXf-;HSI8 ( ( C 2 H 5 ) 2 Z n ) £]£ 
ISOK-ty^iSi: Ufc. V -v KB 1 0 4<2*-r 

yr***»3X 1 0 l! c«a-i(: s ^SK«±7 3 0 

•c. mmim43 0nmtLKi. mtm<ni 05 

tf5iaRiB«tt7 3 0*C. ^Jpifif^ 12nmt U * A- 'J 
Ti®K(iiM)5X.l 0 16 cm-3fc Lti. 
[0022] _hS5?7-yKJll 0 6(i, ^-vUTlgJSS: 
7XlO l 'cm-3tnSi K-rfftdf^'JTl&K/ll 
0 6 at. ^T , Jrit«Sr2Xl 0 l9 cm-3fc-f-SSe 
K-7Mt U ri*Kig 10 6b fc*>£>fltj£L;fc. iBc^r 
-V 'J ^?&£J1<9"§ eiif-J ljura, iS^+U -figJgJfO/I 
Jlli^5 0nmJ: Ut. 

[0023] ±35:? 5 >y KJ1 1 0 6<y)_h"e - i. — ^W=Sr 

«^x^/^y y^ftti 13 a 1 v-y<?)ZnOfrt> 
is.hm.rn 107 sr«*$*t . mm 1 o 7«±M£-e<o.tt 

J£*L^^3xlO-*n- cmb-tZnmMfriim&L. 
mmiim 200nmafc. Hft^Xtt-BHWMfrifetc 
<t 0 . *£J1 1 0 7 *rtWUMtiEIB<OiIrtltt«. <0 0 0 
1>^T[*1 (Ctt) X'h&Zk. IR^^T'ASIi 

[0024] SMb^SW 1 07±Wi« A 1 
Km*® 1 2 0 At mcOR^iO n^m«E 10 8 £— 

7 * h y y ?*""* 7 < -rnsizmm Lxmttz. g a a s 
1 o 1 <7ymffi<o£mt,zii& ■ ( a u 9 8 a 

l%-Zn2II%M) £S£s£*L*f*. 4 2 OX: 
WM1 09k%Ltt. -m$:^3 5 0jumfc-r 

h nazmnmnm- y y^$m Las**? 10m 

[00 2 5] nitil 0 8&t*P»*- 5 
O 9 [SllCJf-fi-fatC 2 0 5 y Ty^T (mA) <7)«Sft£iI 

sitL^tc:-5. iMtstBJM 107 <m±mfrbmm 

;KD¥«S{£ft 1 7 n mTft 0 . *fett(C»lfcS"Bfc&* 
WWlfc. IK&n«E (@20mA) 9^h 

(V) t=5r-?fc. 3&mmm6 OS'J^^-r^ 
(mcd) K»BiL/S. 

[0026] («JWI2 ) *W»«rt±. 75 -y ( B 
r agg) ^/IfcJWiW; (AlGa) InPMi 

h. H3«. ^HSgWcfS^&^Btm^SOcoBJtffi^ 



[0027] <01 1>*(*]^4- ffi^L*:. ZnH- 
7(100) pfGaAsiflOUC, l-y^/u 
T^S-^A ( (CH|)|A1), hiM-^Mfy^ 
( (CH 3 ) 3 Ga)at;MJ^fMvy'>A ( (CH 
3 ) 3 1 n) Sri I immsmtoBftb-th* HWK: 
i&EMO-VPEiSkliD. v^v^A (Mg) K— 
7 P iGaAsWl02J:»iU«:. 7"5 7 
^RStSl 03. Mg Y-TpB (A 1 o. 7 G ao. 3 ) 
o.s I no.sP^^^TSP^^-y KJf 1 04. T^K- 
TOnTg ( A 1 0 . 2 Ga 0 . 8 ) 0.5 I "o. 5 P?!SA»£>fiK3 
IBflll0 5. Stfn^ (Al,,,Ga,. 3 ) ,. 8 I n 0 .5 
PA>£>j£6±S15?7-y FBI 0 6 7*5 y 

TKAt/ll 0 3t±. A 1 iSfiJ&lt£ 0 . 45kt4MgH 
-7*n^Alo.45Ga 0 .55AsJil03ai:. AIM 
Jfc£0. 9 0fci--g.Mgh'-7 , n]gAlo.45Ga 0 .55A 
sll OSbt^S/faiffl. S«LT^Lfc. A 1 0.45 
G a 0 , 58 A si 1 0 3 a«Iffli*!)4 2 n mtfc 0 . t 
tz. A l 0 .4 6 Ga 0 . S6 AsJf 10 3bOJMai*"j4 9n 
mfc Ltz. 

[0028] pJTK>aAs3gffi®10 2<O"i'5'i:*'J0. 
2,umfcL. Jf-vyr?gSti:^3xl 0 18 cm-3kL 
Jt. 77 -y fmttm 1 0 SOfitJiSUI 1 0 3 a . 10 3b 

<y)*-v y ratt'iSBfJSrftfctt lxio^cm-'tu. 

TSB^-y KJIl 04 WJiJI'i^O. 8/zmtL. 
yTlIS(±^3X10»8cm-3kL^. »3e«tf51 0 5 

ojwwitti onmt u u rwmms X 1 O 1 * 

c m-^tLtz. 

[0029] ±.U?=7 -y b'/i 1 0 6(i. f&&t^^A- 'J 

Tmm<n2mfrt>ffi&Liz. mtm 1 0 5t»^s-i±T 
emliz&*t v rm&m 1 0 6 at*. y riss^ 

I^XlO^cm-SiiU /1/fSr^l. 7/xmi;-r&S 
i Y—Tnffi (A l 0 . 7 Ga 0 . 3 ) 0.5 I n 0 , 5 P^A>« 
L/c. a^f -v 'J TiSSa l 0 6 ati. S e SrHiSlSlc K 

-b'y^LJt. ^-v'J T?Hg^^l x l 0 15 cm" 3 i 
L. JiHSr^l OOnmk-rSnJg <Al 0 . 7 Ga 0 . 3 ) 

0 .5ln,. 5 PKMLit. 

[0030] igdf-v 'J Ti§tKJl 1 0 6±«i. A 1 2rS 
**-)T*(c LT 3 «fi%ai/G a £ 0 . 5 M**tr 1! 
^iS*^fi£&SI^fiKM»f4 (^U-y h ) iflCRk L 
T. ^b'-ASiSsl^tCJ: OK^iS-g^ 1 0 7 £ 

»«ufc. i o 7 ^fii^i-?. nmmim^itmsi 

"4*-;H»"fiS3'@£tcJ;iUf*«j4 x i o «fi • cmtfc 

[oo3i] mtmagmfcHatcn-OTfii 0 8& 

VpB*- 5 -y 1 0 9 fcJPritLTJfei**? 3 0 £ 
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